In 2009, salmonellosis was found in peanut products processed by the Peanut Corporation of America, resulting in 714 cases of severe food poisoning from ingesting contaminated peanut butter. In 2010, over 1900 people were hospitalized due to salmonella outbreak from eggs produced on two Iowa farms. Using a modified regression discontinuity design, this paper examines how consumers responded to these two recent and acute national food safety crises, and whether consumers' responses correlate with their socioeconomic statuses. The regression results show a statistically significant decrease of 13.7% in peanut butter sales in the second week after the recall announcement, the egg sales were not significantly affected. The socioeconomic statuses of consumers did not play a determining factor in their purchasing behaviors in either case. This finding implies that national food recalls have mixed effect on preventing consumers from purchasing potentially contaminated products regardless of socioeconomic classes.
highly educated households with small children significantly reduced their purchases of chicken filet meat (Rieger, Kuhlgatz, & Anders, 2016) . A research on Canadians' response to the mad cow disease grouped households by their risk perception towards beef consumption through a household survey and revealed statistically significant differences in risk attitudes related to meat-purchasing across different demographic groups. Single member households and low income households showed higher risk aversion to beef consumption and higher elasticity of demand for beef. (Yang & Goddard, 2011) . This paper contributes to the existing literature by examining how consumers responded to the reporting of two recent and acute national food safety crises, and whether consumers' responses correlate with their socioeconomic statuses. I place a particular focus on evaluating how income level impacts consumers' purchasing behavior to determine whether there exist equity implications following food recalls caused by differences in financial resources available to avoid the affected product.
The paper distinguishes itself from past research by studying two crises with a high temporal resolution to determine whether there are consistent factors that lead to greater changes These two crises are chosen based on three criteria: the number of illnesses with which the disease was associated, the number of hospitalizations, and the number of deaths. According to the CDC, the two selected crises caused one of the highest incidences of illnesses, hospitalizations and deaths due to food pathogen outbreaks since 2008. 5 The Nielsen dataset contains grocery stores' scanner data starting from 2006. To adequately control for seasonal variations and store heterogeneity, only food crises after 2008 are considered to allow for inclusion of data on consumption from two years before the food-borne illness outbreak.
Furthermore, since I am examining grocery purchase data, only crises involving products that can be prepared at home are considered. 6 Purchasing behaviors for peanut butter and eggs are also likely to be divided among income classes. While peanut butter 7 is often perceived to be more heavily purchased by lower income households and thus an inferior good, eggs are thought to be normal good whose consumption increases with income. These distinctive properties of the two products thus allow a detailed examination on how consumers' responses to food crises differ by product and by income class.
This paper is organized as follows. Section II summarizes the timeline of the peanut butter recall and the egg recall in 2008 and 2009 respectively. Section III reviews past literature that examines the effect of food scandals on consumers' purchasing habits. Section IV presents this paper's regression model that is used in later sections to determine whether food safety scandals lead to a decreased consumption of affected products and whether consumers' socioeconomic backgrounds influence their behavior. Section V provides an overview of the data, including sources and summary statistics. Section VI details this study's empirical results and Section VII discusses the implications of the key findings.
5 National Outbreak Reporting System (NORS). (2017, November 27) . Retrieved April 03, 2018, from https://wwwn.cdc.gov/foodborneoutbreaks/ 6 Outbreaks associated with food consumed in restaurants, fairs, and catered events, are not considered in this study. 7 Here, the peanut butter solely refers to the jars of pure peanut butter sold at supermarkets and not gourmet products made from nut butter 
II. Recall Crises Timeline

III. Literature Review
Literature addressing consumers' responses to food safety crises is mostly driven by an effort to understand how consumers react to information on the quality, safety, or composition (presence of allergens, etc.) of their food, as such knowledge then informs policy makers on the effectiveness of food information and recalls in preventing consumers from ingesting unsafe products. Researchers have used a variety of measures to determine changes in demand, as well as diverse methodologies and data sources. Findings on the effect and magnitude of food safety crises' impacts on consumption are mixed and seem to be highly dependent on the specific crisis examined.
A common data source used for empirical analysis is aggregate demand data at the product level. Researchers often construct a variant of the Almost Ideal Demand System (Deaton & Muellbauer, 1980) to investigate consumer behavior. The AIDS model, by specifying the dependent variable as the expenditure share of a product among its reasonable substitutes, has the advantage of accounting for cross-commodity responses. For example, Burton & Young (1996) used AIDS to determine the extent to which that a shift in beef demand observed in UK since 1990 can be attributed to the publicity surrounding mad cow disease. Using a similar model, Arnade, Calvin, and Kuchler (2009) One common factor among the quantitative research on this topic is the inclusion of a metric to account for the intensity of media coverage. Piggott & Marsh (2004) Scandal Index by weighting different media according to their actual reach using print distribution levels, website visit frequencies, and TV viewing rates. They find strong empirical evidence supporting the hypothesis that responses to negative media exposure in terms of changes in consumption patterns were short lasting.
As we can see, there have been mixed findings in existing literature on whether negative information on food safety issues has a statistically significant impact on consumers' demand for the affected product. My paper contributes to this field by simultaneously studying two events involving peanut butter and eggs to seek pattern in the characteristics of a crisis that likely determine the magnitude and length of consumer response. I control for time variant and storespecific factors to isolate and quantify the impact of food recall crises. I also group counties by their median household income levels to examine whether socioeconomic statuses influence consumers' purchase decisions of affected product post food safety crises. My main hypotheses are as follow:
Hypothesis 1): Food recall announcements will lead to a significant decrease in the amount of affected product purchased.
Hypothesis 2): High-income consumers will decrease their demand more for the affected product than low-income consumers.
By studying the first hypothesis, I examine the impact of food safety related information on product demand and whether the sale volume of affected products is negatively impacted by food recall announcements. The hypothesis tests if food recall announcements generate a sudden heightened level of concern about the safety of products and stimulate a rapid and significant reductions in demand.
The second hypothesis explores the question of whether various socio-economic groups show heterogeneous responses to the same food safety event. Two key components driving food consumption decisions post food safety alert consist of consumers' risk attitude and risk perception (Wansink, 2004) . If wealthy individuals show more elasticity in demand following food safety alerts, it can be deduced that they either have more capital to dispense in purchasing substitutes to avoid the risk of ingesting unsafe products and/or that they perceive higher risks from the food recalls that they are more willing to avoid the products.
IV. Quantitative Specifications
Food safety crises represent sudden demand shocks that jolt market demand out of its regular seasonal fluctuations. In this paper, we assume that aggregate consumption behavior follows a predictable seasonal pattern that is only interrupted by unexpected events such as announcements of food contamination. We use a model similar to regression discontinuity in time design to quantify how much consumers responded to food safety crises in terms of their purchasing behavior.
Regression discontinuity with time series is gaining traction in the environmental economics literature. Environmental research often faces identification challenges such as that 1) there is no cross-sectional variation in treatment, and 2) there are many cofounders that change at the threshold (Hausman & Rapson, 2017) . The same set of challenges is applicable in this current study because 1) the food recalls are nationwide, eliminating the possibility for crosssectional comparison across states, and 2) purchase decisions for peanut butter and egg are influenced by a plethora of factors that goes well beyond the effect of food recall announcements.
In a regression discontinuity set up, time is the running variable and the date c of the treatment is known. It is thus assumed that for all t>c, the unit is treated, and for all t<c, the unit is not. In our scenario, food recall announcements by the U.S. Food and Drug Administration are exogenous factors that mark the moment of discontinuity in consumers' purchasing behavior. I aggregate sales data from major retail stores around the country encompassing two years (104 weeks) before and five months following the announcement (20 weeks). Ideally, the data examined before and after the crisis would be more balanced; however, the amount of data used in this study is constrained by the limited storage capacity on the secured network. Therefore, after carefully reviewing past literature, I decided to use a longer timeline leading up to the crises to establish the consumption trends, as several previous studies have also done. The purchase level and trend before the crises serve as controls for the immediate time segment after the crises.
In this model, instead of using a running time variable, I include monthly and yearly dummy variables to represent the passage of time. This is because a running time variable imposes a linear relationship between time and quantity sold, but there exist big fluctuations in sale volumes from month to month, which renders a linear relationship an unrealistic assumption. Figures 1 and 2 show the weekly movement of average units of peanut butter and eggs sold per thousand people, grouped by income quantiles and aggregated across the nation. I also modify the traditional regression discontinuity model that has a single cut-off point and include twenty dummy variables that capture ten weeks before and ten weeks after the recall announcements to identify consumers' reactions to the food recalls on a higher time resolution.
By allowing each week in the immediate timeframe before and after the recall to take on its own value, this specification is granting the regression model maximum flexibility to fit observations and indicate the movement in quantity of affected products sold.
The base model for my regression design can be expressed in the following equation:
where Q represents the purchased quantity of affected product per thousand people in county c during week w in year y. The quantity sold is an aggregate number of all brands of the affected product in all stores across each county, divided by the population (in thousands) of the county.
Before_and_after_crisis represents the twenty time dummy variables for ten weeks before and ten weeks after the crisis to estimate the week-to-week change in quantity purchased. The decrease in sales after the announcement will be indicated by the coefficients on the week dummy variables immediately following the recall. The coefficients on each dummy variable allow us to estimate the magnitude and length of consumers' reaction to the food recall announcement. Income is represented as county c's median income in thousands of dollars in one model and as its median income quartile group on the national level in another model.
Demographics is a list of variables accounting for each county's demographic characteristics that likely influence the amount of affected product purchased. Month is a categorical variable that is used to control for seasonal effect of consumption. Holiday represents the week of holidays for Thanksgiving and Christmas, when significant drops or spikes in peanut butter or egg sales can be observed. Easter represents the week of Easter for egg regression. Finally, the interaction variable between the time dummy variables and the income groups represent how various socioeconomic groups respond differently following the recall announcements.
V. Data
This analysis uses the Retail Scanner Data provided by the Kilts Center for Marketing at Chicago Booth and the Nielsen Company, and the American Community Survey data.
The Nielsen dataset is used under a restrictive access agreement. It consists of weekly purchase and pricing data generated from participating retail stores across the U.S. market, as well as the geographic information on all stores. UPC codes associated with all peanut butter products under the "jams/jellies/spread" group and all fresh eggs products under the "dairy" group were extracted. The UPC codes were then merged with stores' weekly sales data and geographic data. Prices were adjusted to reflect products' per unit price as calculated by dividing product price by the corresponding UPC's product size. The weekly sales volume is finally summed by county. To adequately control for seasonal sales pattern and the long-term sales trend, this analysis includes two years of data prior to the food recall announcement and five months after the announcement.
To get an overview of the sales trend of peanut butter and eggs over the two years before the recall announcements, I plot the average units of peanut butter and egg sold per thousand people against time, grouped by counties' income percentile group. From inspecting the graphs (Figures 1 and 2 ), I notice that holidays including Thanksgiving, Christmas, and New Year, are associated with a significant drop in peanut butter sold. In contrast, the same holidays, with the addition of Easter, are associated with notable spikes in the quantity of eggs sold. Thus, holiday dummy variables are created to control for the short-term drastic consumption changes observed.
The black vertical lines in both graphs represent the day when food recall announcements were made by the FDA. In both cases, there were noticeable drops in the quantity sold, but the magnitude of the drop is comparable to the week to week fluctuations. In the summary statistics table (Table 1) , I present the average sale volume of both products three weeks leading up to the announcement and three weeks following the announcement, grouped by county income quantiles. From the raw data, it appears that there is a steady decline in peanut butter sales over the course of three weeks following the announcement. The consumption for eggs, in comparison, dropped more significantly immediately following the announcement but rebounded quickly. In addition to the Nielsen Marketing data, the American Community Survey data is used to inform the socioeconomic and demographic details of counties to control for geographic idiosyncrasies. I used 3-Year Estimates data (07-09 for peanut butter analysis and 08-10 for egg analysis) because of the availability of county level demographic data. Variables included in the analysis are median household income, population, racial composition, and education level.
Median household income is transformed into two variables; one is continuous and expresses the income in thousands of dollars while the other is discrete and takes on four values based on quartiles of the national income distribution. County racial composition is expressed in percentages of White, African American, Asian, and Native American populations in the county.
Education level is indicated as the percentage of population with high school, college, master, and doctorate degrees and the population without high school degrees serves as the base level for comparison.
The county level demographic data is merged with Nielsen marketing data based on county FIPS code. County population data adjusts counties' weekly purchase volume to a per capita basis for meaningful comparison between counties' purchase levels. Due to discrepancy between the counties included in Nielsen marketing data and those included in ACS (3-year ACS data does not include demographic data on all counties), observations with no demographic data are omitted in the final analysis. There are total of 1760 counties included in both analysis.
177,517 observations are in the final peanut butter analysis and 173,362 observations in the egg analysis. 
VI. Model Estimation Results
Peanut Butter
The regression is performed on all observations and five model specifications are presented. Each observation consists of units of product sold across all stores within each county.
County demographic information is included to control for unobserved heterogeneity in individual counties.
Results from the regression models are presented in Table 3 . The demographic and monthly control variables are not shown and coefficients on the weekly dummy variables are abridged to focus on more statistically significant and interesting results. In models 1-3, the dependent variables are units of peanut butter sold per thousand people. Coefficients on the weekly dummy variables for the weeks before and after the crisis represent the deviation in sales volumes from average weekly sales, after controlling for seasonal and holiday sales trends.
Coefficients on the interaction variables indicate the differences in quantity purchased among the four income groups post recall announcements. Column 1 accounts for county level income by the quartile groups to which they belong; Column 2 represents income as a continuous variable comprised of each county's median income in thousands of dollars; Column 3 also uses a continuous income variable, but it accounts for seasonality through season dummy variables, which are created by combining months into groups of three. All three models include interaction terms between the income quartile groups and the weekly dummy variables to demonstrate whether reaction to food safety recalls varies among income classes.
The results of the different specifications affirm the hypothesis that consumers decrease their level of consumption following a food recall announcement but refutes the hypothesis that richer communities respond more than poorer communities. The three models included demonstrate different responses from consumers. The first column shows a significant decrease in consumption only starting from the second week following the announcement-a 2.5-units drop in peanut butter purchased per one thousand people, but the effect lasts eight weeks into the initial announcement. The second and third specifications show a significant drop right after the announcement -around two units of decrease in peanut butter consumed per one thousand people. However, the effect becomes insignificant after second week of the announcement. The coefficients on interaction terms between income and weekly time variables in all three models closely resemble each other, and thus the interaction terms in model 1 between income quantiles and weekly time variables are omitted in Table 3 . No significant difference in reaction to the peanut butter recall among consumers in different income groups can be parsed out from the regression. In Models 2 and 3 where income is included as a continuous variable, we see that consumers in higher income counties purchased more peanut butter immediately following the crisis than those in low income counties, an observation that directly contradicts the second hypothesis. This effect, however, is only weakly significant and disappears in week two after the announcement.
In models 4-5, the dependent variables are the natural log of total units sold in a county.
A natural log on county population is included as independent variables to control for population size. In contrast to models 1-3, the coefficients on the independent variables in these two models Statistically significant declines in sales are observed from the second week after the announcement of the recall. Sales volume is shown to be 13.7%, 16.9%, and 21.2% lower in the second, third, and fourth week respectively than the expected sales volume without the recall. It can be thus concluded that the insignificant findings in column 4) are likely the result of multicollinearity from the interaction variables between income and weekly time dummies. Figure 3 shows predicted units of peanut butter purchased by each income group ten weeks before and after the peanut butter recall announcement, based on the regression model in Column 1. It offers a visual representation of the regression results shown in Table 3 .
From both the regression table and Figure 3 , we see that peanut butter, contrary to my original assumption, is a normal good whose consumption increases in wealthier neighborhoods.
Counties in the 75 th -100 th percentile income group on average purchases 1.1 more units of peanut butter per thousand people than the bottom income group. We see a spike in peanut butter sales four weeks before the recall was issued -this increase can likely be explained by the beginning of Spring Semester after Christmas and New Year holidays (the week of Jan. 5 th ) and the subsequent increased demand for peanut butter for packed school lunches. From the graph, it seems that all four income groups dropped their consumption level of peanut butter directly following the crisis but the decline in peanut butter sales ends three weeks after the announcement. Table 3 Regression output for peanut butter sales.
(1) (2) (3) (4) Given that there is little effect found on sales volume following the egg recall when the data is examined on a national level, Column 5 expands on the previous regression models to test whether the recall had a more localized effect in Iowa, the state where all contaminated eggs originated from. The regression identifies all stores in Iowa with a dummy variable and includes interaction terms between the Iowa dummy and the weekly time variables. The negative coefficient value on the interaction term between Iowa and the first week after recall suggests that egg consumption withdrawal might be more pronounced in Iowa. However, the coefficients are not statistically significant at the 10% level.
All of the above findings suggest that consumers' reactions to the egg recall announcement was much weaker than their responses to the peanut butter recall that happened one year prior. Income again is not a factor in explaining the heterogeneity of consumer response to food crises. Figure 4 presents the finding by plotting predicted egg sale volume per thousand people according to the 1 st regression model against weeks before and after the recall announcement. From the graph, we can see that sales dropped immediately after the announcement and lasted for two weeks before ascending again. given to the peanut butter crisis, the egg recall was large and swift -about 550 million eggs were recalled in the span of two weeks, but the story quickly faded away as the rest of the eggs were declared to be safe to consume.
Second, the peanut butter crisis likely generated more public fear because PCA, the company responsible for all contaminated peanut butter, sits at the top of peanut product distribution chain and thus caused a rippling effect throughout the food industry. Its peanut processing facilities distribute solely to large institutions, food service providers, food manufacturers and distributers rather than direct retail stores. 13 Thus, the contamination had far reaching consequences into peanut butter related consumer products across the nation. Major food brands such as Kellogg and retail stores like Kroger issued their own voluntary recall of products containing peanut butter because PCA is a major peanut butter supplier to these companies. The contaminated eggs, in comparison, were distributed directly to retail stores and were easy to track down as they were all produced by two farms in Iowa.
Third, it is also likely that peanut butter faces a higher elasticity of demand because of its substitutability. It can be replaced by jam or other nut butter options as a spread and may not be as essential in diet as eggs are. One potential support for this hypothesis is the observation that while the quantity of peanut butter consumed decreases during holiday seasons (Christmas and Thanksgiving), the quantity of eggs consumed significantly increases. This phenomenon can likely be explained by the fact that peanut butter is used as an ingredient in convenient meals like sandwiches that are easily replaced by more substantial meals served during holidays, meals in which eggs also constitute a key ingredient.
This paper, however, solely quantifies the amount of change in quantity purchased following a food safety scandal. It does not include mechanism for attributing the potential drop in consumption to specific causes such as media coverage intensity or product substitutability.
Future endeavors can study the effect of media by examining different media coverage intensity in different states and compare the responses in states with relatively weak media coverage to those with strong coverage. However, this is beyond the scope of this paper. The findings of this paper confirm observations from previous literature that consumers' responses to recent food safety warnings are small and transient. In addition, it shows that different income groups have no significant differences in their responses to food safety scandals. This understanding of how consumers respond to food recall announcements is important as it helps FDA to better evaluate the cost and benefit of such announcements to consumer health and the affected food industry. It also raises the question of the effectiveness of food safety recalls in preventing public health crises and whether there are more effective options of protecting consumer health such as the implementation of tighter food safety regulations.
